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The present invention relates to a method and an apparatus &r reading a 
domain expansion recording medium, such as a MAMMOS (Magnetic AMpIifying Magneto- 
ppti cal System) disk, comprising a recording or storage layer and an expansion or readout 
layer, wherein a copy window is dynamically controlled by varying a predetermined reading 
parameter in response to a control information derived ftom a readout pulse. 

to conventional magneto-optical storage systems, the minimum width of the 
recorded marks is determined by the diffraction limit, i.a by the Numerical Aperture (NA) of 
the focussing lens and the laser wavelength. A reduction of me width is generally based on 
shorter wavelength lasers and higher NA focussing optics. During magneto-optical recording, 
the minimum bit length can be reduced to below the optical diffraction limit by using Laser 
• Pulsed Magnetic Field Modulation (LP-MFM). to LP-MFM, the bit transitions are 
detemuned by toe switching of the field and the temperature gradient induced by the 
switching of the laser. 

15 m domain expansion techniques, Hke MAMMOS, a written mark with a size 

smaller than toe diffraction limit is copied from a storage layer to a readout layer upon laser 
heating with toe help of an external magnetic field. Due to toe low coercivity of this readout 
layer, toe copied mark will expand to fin the optical spot and can be detected with a saturated 
signal level which is independent of toe mark size. Reversal of the external magnetic field 

20 collapses the expanded domain. A space in toe storage layer, cm the other hand, will not be 
copied and no expansion occurs. Therefore, no signal will be detected in this case. 

To read out the bits or domains in the storage layer, toe thermal profile of the 
optical spot is used. When the temperatoreoftiiereadotolay^ 

threshold vahie, the magnetic domains are copied ftom the storage layer to toe magneto- 
25 statically coupled readout layer. This is because foe stray field Ha ftom the storage layer, 
which is proportional to the magnetization of tins layer, increases as a function of 
temperature. The magnetization Ms increases as a function of temperature for the temperature 
region just above a compensation temperature This characteristics results from the use 
of axaze earto4ransm'onmetal (RE-TM) alloy which generates two counteracting 
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magnetizations Mrb (rare eatth component) and Mtm (transition metal component) with 
opposite directions. 

B^apjoKc^on of a n external mag netic field, the c opie4 domain infce readou t 
iayerexpln^to^^ of me size of the original 

domain. The copying process is very non-linear. When the temperature is above the threshold 
value, magnetio domains are coupled from the storage layer to the readout layer. For 
temperatures above the threshold temperature the following condition is satisfied: 



0) 



where Hs is the stray field of the storage layer at the readout layer, Ho* is the external applied 
field and Ho is the coercive field of the readout layer rdl. The spatial region where this 
copying occurs is called the 'copy window* w. The size of the copy window w is very critical 
for accurate readout When fee condition (1) is not fulfilled (copy window w = 0),no 
copying takes place at aJL On the other hand an oversized copy window w will cause overlap 
with nrighboring bits (marks) and will lead to additional •interference peaks'. The size of the 
copy window w depends on the exact shape of the temperature profile (Le. the exact laser 
power, hut also die ambient temperature), the strength of the external applied magnetic field 
and on material parameters that may show short (or long) range variations. 

• The laser power used in the readout process should he high enough to enable 
copying. On the other hand, a higher laser power also increases the overlap of the 
temperature induced coerrivity profile and the stray field profile of the bit pattern. The 
coercrvityHc decreases and the stray field increases with increasing temperature. When Oris 
overlap becomes too large, correct readout of a space is no longer possible due to raise 
signals generated by neighboring marks. The difference between this maximum and the 
minimum laserpower deterrnines the power margin, whioh decreases strongly with 
decreasing bit length. Experiments have shown that with the current methods, bit lengths of 
0.10 urn can be correctly detected, but at a small power margin of less than 1%. Thns,.for 
highest densities the power margin remains quite small so that optical power control daring 

readout is essential 

mMAMMOS, the synchromzation of me external field with the recorded data 
is crucial Accurate clock recovery is possible by using data dependent field switching. 
Furthermore, the range of allowed laserpowers for correct readout at high densities is quite 
small. However, this sensitivity to readout laser power can also b e exploited to achieve an 
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accurate power control loop, L a, dynamic copy window control, using the readout signals 
fiom fee recorded data. This is done by adding a small modulating component to the laser 
power, thus inducing timing shifts of fee MAMMOS signals. By e.g. look-in detection of 
3 ^eTfia5^ohaage in l^erpo^ exte^ field or ambient temperature can he ~ 
corrected to keqjae copy window consm 

possibly allowing much higjier densities than wife a conventional system. 



Figure 2 shows some key signals for readout of MAMMOS disks in a steady- 
state situation with constant laser power, constant ambient temperature, homogeneous disk 

1 0 properties, constant field strength, constant coil-disk distance, etc, The top graph shows fee 
magnetic hits in the storage layer, The second graph shows fee overlap signal (convolution) 
of the magnetic bit pattern and fee copy window. The third graph shows the external 
magnetic field, and fee bottom graph shows the obtained MAMMOS signal. When fee 
overlap signal is non-zero copying of domains will take place. The external magnetic field is 

15 kept high until a bit or domain is copied fiom fee storage layer and expanded in the readout 
layer (cf bold lines in Kg 2). Then, after a fixed delay, the external field is reversed and fee 
domain is collapsed until the next bit transition or domain copying occurs. 

Figure 3 shows a diagram similar to Figure 2, but now one of fee parameters 
to be controlled, e-g. fee laser power, is increased deliberately, e.g. according to the above 

20 described dynamic copy window control feature. This increase/decrease (wobbling) is done 
wife a predefined change pattern, e.g. a periodic pattern wife a small amplitude. The 
wobbling causes fee copy window to increase or decrease in size synchronously to fee 
wobble frequency. Comparing Figs. 2 and 3, it becomes dear feat when fee copy window 
increases in size the next transition will appear somewhat earlier than expected. On the other 

25 hand, when fee copy window decreases in size fee next transition will be delayed slightly. 
This is the phase error A<J> shown in Fig. 3. 

A disadvantage of this dynamic control method is feat for a sufficiently low 
error rate, fee induced timing or phase shifts or errors A§ should be small compared to fee 
space nm length or pulse position increments. On fee other hand, the shifts should be laige 

3 0 enough to be detected reliably and will feus limit fee possible storage density. 

Figure 4 shows on fee horizontal axis fee space run lengths determined fiom 
fee measured delays (bold lines in Figs* 2 and 3 ) for different sizes of the copy window, Lol 
nominal size wo, and wo +/- Aw for max and min during modulation. The vertical bold lines s, 
s+1, s+2, and s+3 indicate fee nominal space run lengths, and fee sunounding Gaussian 
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curves represent the normalized probability distribution. The width of the Gaussian curves, 
which can be described as a kind of 'jitter 1 component is determined by the quality of the 
disk (substrate, material), r ecording and readout performance, etc., Lg. the accuracy of the 
boundaries of the recorded domains as well as the accuracy and reproducibility of the 
5 MAMMOS readout process. Upon detections each measured run length is compared to a 
predetermined decision level pattern comprising decision levels n> n+1, n+2, and n+3, ie. 
thin, dashed lines, usually placed halfway between the nominal run lengths. When the run 
length is between level n and n+1, it is assigned to nominal value s, when it is between n+1 
and nrt-2, to nominal value s+1, etc. Thus, if part of the Gaussian curves extends over a 

1 0 decision level, this gives rise to a non-zero probability to detect a false run length detection. 
The distance between two adjacent nominal space runlengths can be regarded as a space 
increment or space run length quantization step. 

For reliable readout, the error rate (before error correction) should typically be 
lower than 10 -3 or NT 4 . This error rate is equal to the total area under the Gaussian curve 

15 outside its corresponding decision levels. In Figure 4, the space increment is chosen large 

enough so that the Gaussian curves and the decision levels are sufficiently far apart to avoid a 
significant increase in error rate when the window size wo is modulated with an amplitude 
Aw, which corresponds to a shift or error A§ = Aw/2 of the nominal space run lengths. 

Figure S shows a diagram similar to that of Figure 4, whereas the space 

20 increment is smaller, Le. higher recording density. For the nominal copy window si2e wo the 
error rate is still low, but for a smaller or larger size (wo +/- Aw) a significant fraction of run 
lengths, see e.g. hatched areas of Gaussian curves in Figure 5, will be assigned a value that is . 
too large or too small, respectively. In the middle curve which corresponds to a decreased 
copy window size w 0 - Aw, a value which, is too large may be assigned to a significant 

25 number of detected space run lengths, while in the lower curve which corresponds to an 
increased copy window size wo + Aw, a value which is too small may be assigned to a 
significant number of detected space rem lengths, as indicated by the dotted circles in Figure 
5. 

30 It is an object of the present invention to provide a reading method and an 

apparatus by means of which a robust and reliable readout process can be achieved even at a 
high recording density. This object is achieved by providing a method as claimed in claim 1 
and by providing an apparatus as claimed in claim 16. 
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Accordingly, the decision level pattern is adjusted to thereby condensate for 
the amount of shift induced by the modulation of the copy window. The decision levels) 
is/are adjusted to thereby prevent or minimize erroneous detection and significantly improve 



5 The control information can be derived from a deviation of the phase of a 

clock signal recovered from the readout pulse with respect to the average phase value of a 
clock signal derived from said readout pulse or with respect to the phase of a wobbled groove 
or embossed marks provided on the recording medium or any combination of these. 

The readout value may be a code run length, e,g. a space run length or pulse 
10 position. Thereby, decoding of a phase or run length shift can be based on a simple phase 
detection, while the detected phase error signal can be used for decision level adjustment ' 
Furthermore, the predetermined parameter may correspond to the value of the 
radiation power and/or the external magnetic field. The additional change pattern may be a 
periodic modulation pattern of a predetermined frequency, and the characteristic parameter 
IS may correspond to the sign and/or amplitude of the periodic modulation pattern. 

As regards the decision level pattern, it may comprise at least one decision 
level. Then, each decision level of the decision level pattern maybe adjusted to a respective 
intermediate level. The respective intermediate level may be selected from at least one 
discrete intermediate level. Thus at least one discrete intermediate level may comprise a first 
20 intermediate level corresponding to a first range, e.g. an upper range, of said characteristic 
parameter and a second intermediate level corresponding to a second range, e.g. a lower 
range, of said characteristic parameter. 

The predetermined additional pattern may be selected so that DC-free readout 
data is obtained, wherein the adjusting step can be performed by monitoring separate running 
25 sums calculated for each set of intermediate levels. The decision level pattern may then be 
adjusted e.g. by using respective loop filter means to which the separate running sums are 



As an alternative to the above discrete decision level arrangement, the 
respective intermediate level may be obtained by a continuous level adjustment 
30 The control information may be obtained from a deviation of a maximum 

value of a phase error of the recovered dock signal from a predetermined set value. 

The adjusting means of the reading apparatus may comprise comparator 
means for setting the decision level pattern, and summing means for calculating at least one 
running sum used for adjusting the decision level pattern. Moreover, the adjusting means 
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may comprise loop filter means for filtering at least one running sum. Additionally* the 
adjusting meaps may comprise adding means for adding said at least one running sum to an 
input signal of the comparator means. This input signal may b e obtained ftom a phase locked 
loop circuit of a clock recovery means, used for generating the control information. 

5 

The objects, features and advantages of the present invention will be apparent 
ftom the following more particular description of embodiments of the invention ,wtth 
reference to the accompanying drawings in which 

Pig. 1 shows a schematic diagram of a magneto-optical disk player, according 
10 to an embodiment of the invention; 

Kg. 2 Shows a diagram indicating characteristic signals of a MAMMOS 
readout scheme for a predetermined constant copy window size; 

Fig, 3 shows a diagram indicating characteristic signals of aMAMMOS 
readout scheme for a modulated copy window size leading to a shift in the detected space run 
IS length; 

Big, 4 shows a diagram indicating low density nominal space run lengths and a 
corresponding decision level pattern; 

Pig. 5 shows a diagram indicating high density nominal space run lengths and 
the corresponding decision level pattern; 
20 Kg. 6 shows a diagram indicating high density nominal space run lengths and 

an adjusted decision level pattern according to an embodiment of the invention; and in which 

Fig. 7 shows a schematic block diagram of a runlength detection circuitry with 
adjustable decision level pattern according to an embodiment of the invention, 

25 The embodiments will now be described on the basis of a MAMMOS disk 

player as indicated in Fig. 1. Fig. 1 schematically shows the construction of the disk player 
according to a preferred embodiment. The disk player comprises an optical pidMjp unit 30 
having alaserli^at radiating section for irradiation of amagne^ 
record carrier 10, su^^ 

30 recording, to pulses with a period synchronized with code data and a magnetic field applying 
section comprising a magnetic head 12 which applies a magnetic field in a controlled manner at 
the time of recording and playback on the magneto-optical disk 10. Ihflie optical pick-up unit 
30 alaser is ccumected to alaser driving 

ftomarecordingfreadout pulse adjusting unit 32 to thereby control the pulse amplitude and 
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timing of Hie laser of the optical pick-up unit 3 0 during a recording and readout operation. The 
recordmgteadout pulse adjusting circuit 32 receives a clock signal from a clock generator 26 
which may comprise a PLL (Phase Locked Loop) circuit 

pickup unit 30 are shown on opposite sides of the disk 1 0 in Fig. 1, However, according to the 
preferred embodiment, they should be arranged on the same side of the disk 10. 

The magnetic head 12 is connected to a head driver rant 14 and receives, at the 
time cf recording, code-converted data via a phase adjusting circuit IS from a modulator 24 . 
The modulator 24 converts input recording data to a prescribed code, 

At the time of playback, the head driver 14 receives a timing signal via a 
playback adjusting circuit 20 fiom a timing circuit 34, wherein the playback adjusting circuit 
20 generates a synchronization signal tor adjusting toe timing and amplitude of pulses applied 
to the magnetic head 12. The tuning circuit 34 derives its timing signal fiom toe data readout 
operation, as described later. Thus, a data dependent field switching can be achieved. A 
recording/playback switch 16 is provided tor switching or selecting toe respective signal to be 
supplied to toe head driver 14 at the time of recording and at toe time of playback. 

Furthermore, toe optical pick-up unit 30 comprises a detector for detecting laser 
light reflected fiom toe disk 10 and for generating a corresponding reading signal applied to a 
decoder 28 which is arranged to decode the reading signal to generate output data. 
Furthermore, toe reading signal generated by toe optical pick-up unit 30 is supplied to a clock 
generator 26 in which a clock signal obtained fiom embossed clock marks of the disk 10 is 
extracted or recovered, and which supplies toe clock signal for synchronization purposes to the 
recording pulse adjusting circuit 32 and toe modulator 24. In particular, a data channel clock 
may be generated in toe PLL circuit of toe clock generator 26. It is noted that toe clock signal 
obtained fiom toe clock generator 26 may as well be supplied to the playback adjusting circuit 
20 to thereby provide a reference or fallback synchronization which may support toe data 
dependent switching or synchronization controlled by toe timing circuit 34. 

In case of data recording, the laser of toe optical pick-up unit 30 is modulated 
with a fixed frequency corresponding to fee period of the data channel clock, and the data 
recording area or spot of toe rotating disk 10 is locally heated at equal distances. Additionally, 
toe data channel clock output by toe clock generator 26 controls toe modulator 24 to generate a 
data signal with toe st anda rd clock period. The recording data are modulated and code- 
converted by the modulator 24 to obtain a binary run length intonnation corresponding to the 
information of toe recording data. 
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The structure of the magneto-optical recording medium 10 my correspond to 
the structure described in the JP-A-2000-260079. 



timing signal to the playback adjusting circuit 20. As an alternative, the data dependent 
5 switching of the external magnetic field may as well be achieved by supplying the timing 
signal to the head driver 14, so as to adjust the timing or phase of the external magnetic field 
The tuning information is obtained from the (user) data on the disk 10. To achieve this, the 
playback adjusting circuit 20 or the head driver 14 are adapted to provide an external 
magnetic field which is normally in the expansion direction. When a rising signal edge of a 
1 0 MAMMOS peak is observed by die timing circuit 34 at an input line connected to the output 
of the optical pickup unit 30, the timing signal is supplied to the playback adjusting circuit 20 
such that the head driver 14 is controlled to reverse the magnetic field after a short time to 
collapse the expanded domain in the readout layer, and shortly after that reset the magnetic 
field to die expansion direction. The total time between the peak detection and the field reset 
15 is set by the timing circuit 34 to correspond to the sum of the maximum allowed copy 
window and one channel bit length on the disk 10 (times the linear disk velocity). 

Furthermore, a dynamic copy window control function is provided by 
applying a modulation, e.g, wobble or change pattern, to fee laser power control signal and 
continuously measuring the size w of the copy window using information from the detected 
20 data signal in the read mode. When the wobble frequency lies above the bandwidth of the 
clock recovery PLL circuitof the clock generator 26, the phase error of this PLL circuit can 
be used to detect the small deviation or phase error A§ from the expected transition position. 

The frequency deviation of the introduced wobble or change pattern Should 
have a zero average valna However, the phase error A<J> obtained here cannot be used yet as 
25 an absolute error signal for laser power control as only the absolute scale is known, but no 
reference (zero or offeet) is present Le., only changes in the size of the copy window can be 
measured. To circumvent this problem, the derivative of the copy window size as a fimction 
" ofteinperifture can be measured to obtain a control information 
copy window. Due to the feet that the derivative or amount of change of the copy window 
30 size directly leads to the phase error A$, the amplitude of the detected phase error A$ 

corresponds to die derivative and can thus be used for copy window control. As a reference 
condition, this amplitude of the phase error A$ must fulfil an initially determined set 
condition or set point The deviation fitrothis setpointfhencanbet^ as acortwlsig^ 
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PB for the laserpower control procedure or for controlling any other suitable reading 
parameter, e,g. strength of the external magnetic field. 

AW changes in the size of the copy window due to changes in parameters, 

"such as coitaisc distance, ambient tenmeratture,~ete., are counteract^bySelBorraiea - ~ : 
parameter, e.g. laser power in the present example. 

According to an embodiment, the decision levels described in connection with 
Figs. 4 and 5 are adjusted in dependence on the sign and/or on the amplitude of the 
modulation, and thus the corresponding induced phase shift 

Kg. 6 shows a diagram, similar to Fig. 4 and 5, inmcatmg high density 
nominal space run lengths and an adjusted decision level pattern according to an 
embodiment As shown in Fig. 6*, the decision levels of the decision level pattern are adjusted 
in line with the phase shift or error Ad>. This allows the use of a small space increment (Le. 
high density) while keeping the error rate during modulation sufficiently low. Preferably, the 
low frequency laser modulation is synchronized with toe data to avoid errors during 
15 switching. More levels, e.g. «+\ '0' and '-* as indicated in Fig. 5, or one or more intermediate 
levels, or even a continuous adjustment of the levels (e.g. for sinusoid modulation) can be 
used as well. Moreover, mis method is not restricted to pulse position modulation, but can be 
applied more generally for all kind of modulations where decision levels are used for 
decoding or demodulation. 
20 In an embodiment of die invention, a square wave modulation at N/M times 

the bit frequency, where M is considerably larger than 2 but small enough to achieve a 
modulation frequency beyond the bandwidth of the PLL circuit can be used, hi this case, two 
sets of decision levels, and '+* (see Fig. 6), corresponding to the low period or range (w = 
Wo - Aw) and the high period or range (w - w 0 + Aw) of the modulation, respectively, are 
25 used during run length detection, where the correct decision level set can be selected, 

synchronized with the modulation, hi this embodiment, only pulse position modulation is 
used to store information, Le. short marks are only used to separate the space run l engt hs 
which contain the actual data. The modulation code can be constructed in such a way that 
data in subsequent low periods is DC-free, as well as the data in subsequent high periods. In 
30 that case a separate running digital sum (RDS) can be calculated for each set of levels whi ch 
may then be used in a loop filter to actively adjust the decision levels. 

Fig. 7 shows an example of a circuit arrangement with a decision level 
adjustment function according to ah embodiment of the invention. The detected MAMMOS 
run length signal output from the pickup unit 30 of Kg. I ia supplied to a phase detector 261 
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of the PLL circuit of the clo ck generator 26 of Fig, 1, in which the phase of the run length 
signal is compared to the phase of an output signal of a voltage controlled oscillator (VCO) 

263 of the PL L circuit. Additionally, th e feedback sig nal is su pplied to a clock divider 264_ . 

Z ~ Z ~ which dhdd^ the clock frequency and supplies it to a modulation oircuit 279 for laser power 
5 modulation, The output of the phase detector 261 which corresponds to the phase difference 
between the run length signal and the feedback signal is supplied to a loop filter 262 for 
extracting the desired frequency to be phase-controlled in the PLL circuit 

Due to the data dependent field switching, the high-frequency components of 
the phase error A$ from the phase detector 261 contain the pulse positions of the reproduced 

10 data "Window comparators 271 with appropriate decision levels determine which nominal 
run length has been detected, Because the code is DC-free, the average of the pulse positions, 
tanging e,g. over a period [-N.N], is equal to zero when the laser power is constant. When the 
laser power is modulated at a frequency M times lower than the bit clook, the phase error 
from the phase detector 261 contains synchronous, low-frequency laser power error 

15 information, which is demodulated by a demodulation or mixing circuit 274, to which the 
laser modulation signal at the output of the clock divider 264 is supplied, and extracted using 
a low-pass filter 276. The combination of the mixing circuit and die low-pass filter can be 
regarded as the equivalent of a band-pass filter around the modulation frequency Clock-in' 
detection). The extracted phase error signal is then used as the control signal PE for power 

20 control, which is supplied to an averaging circuit 280, e.g. a filter circuit, to obtain an 

averaged power control signal ALP to be added to the laser power modulating signal at an 
additional adding oircuit 278. The combined power control signal is supplied via a driving 
amplifier 277 to the laser diode of the pickup unit 30 ofFig. 1. 

The laser modulation also causes the pulse positions to shift depending on the 

25 sign of the modulation, as illustrated in Fig. 5. This means that the average pulse position in 
subsequent low periods and in subsequent high periods is no longer DC-free, Le, 

respectively, EDS > 0 and RDS < 0. 

m an embodiment of the invention, a running digital sum (RDS) is detmnined 
and monitored for the low and high periods or level ranges in respective summing circuits 
30 RDS1, RDS2, using respective integrators or loop filters 272, 273. These RDS values are 
men used to adjust the decision levels of the window comparators 271 so that the detected 
pulse positions are DC-free. In other words, the loop filters 272, 273 are adapted to lmnimfee 
the respective RDS values by generating an appropriate oftset (ideally ±A4> as shown in Fig. 
6) to be supplied to the decision levels of the window comparators 271. The decision level 
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adjustment can be achieved by providing an adding circuit 275 arranged to add the selected 

respective filtered RDS value to the phase error signal obtained at the output of the phase 
_ detector261 - As s hown in Fig. 7, the laser modulation signal is used to select the 
^o^dnW^ms^omeimWSy^ a controUed switchtoiarraniSa^^ex^r^ 
5 the RDS value which corresponds to the actual range, e.g. level or can be selected in 
synchronism with the modulation signal. Preferably, the loop filters 272, 273. whichmay be 
digital filters, are clamped in the periods during which they receive no signal. 
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It is noted that the present invention can be applied to any reading system for 
domain expansion magneto-optical disk storage systems, in which a decision level pattern is 
used for detecting or decoding readout data. Any suitable reading parameter can be varied to 
control the copy window size. Furthermore, any suitable change or modulation pattern can be 
applied to the selected reading parameter so as to induce the phase error of the readout signal, 
while any characteristic value of the change pattern may then be used for the proposed 
15 decision level adjustment. The decision level adjustment may be based on any arithmetical or 
logical processing of a signal corresponding to the selected characteristic value of the change 
pattern. Hence, the RDS loop consisting of blocks RDS1, RDS2, 271 to 273 and 275 may be 
replaced by a hardware or software controlled analog or digital processing circuit by which a 
linear or non-linear shift of the decision levels) can be generated. Moreover, instead of the 
20 offset control proposed in the above described embodiments, the decision levels may be 
adjusted in the window comparators 271 by controlling respective reference si gnals or 
reference signal adjusting circuits. 
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CLAIMS: - 



1, A method for reading a magneto-optical recording medium comprising a 

storage layer and a readout layer, wherein an expanded domain leading to a readout pulse is 
generated in saidreadout layer by copying a mark region from said storage layer to said 
readout layer upon heating by a radiation power and wim me help ofsaid external magnetic 
field, said method comprising the steps of: 

a) controlling the size of a spatial copy window of said copying process by varying a 
predetermined reading parameter in response to a control inftmnation derived from said 
readout pulse, 

b) applying apredetermined additional pattern of change to said predetermined parameter, 
and 

o) adjusting a decision level pattern used for deddmg on a readout value, depending on a 
characteristic parameter of said additional change pattern, 

2 A memod according to claim 1, wherein said control information is derived 
from a deviation of the phase of a clock signal recovered from said readout pulse with respect 
to the average phase value of a clock signal derived from said readout pulse. 

3 A method according to claim I or 2, wherein said control ^formation is 
derived from a deviation of the phase of a clock signal recovered from said readout pulse 
wifcrespecttomepteaeofaw^ 

the recording medium, 

4> A method according to claim 1, wherein said readout value is a code run 

length. 

5 . A method according to claim 4, wherein said code run length is a space ran 

length or a pulse position. 



PHNL02J227EEP_ 7 019 ■"■ 05.12.2002 14:43:1 



. . 13 25.11.2002 

* A method according to claim L wherein said predetermined parameter 

corresponds to the value of said radiation power and/or said external magnetic field. . 



"77 



Amethod according to claim 1, wherein sa i d additional cWge^a^mte a 

5 



parameter corresponds to the sign and/or amplitude of said periodic modulation pattern. 



8. 

10 



A method according to claim 1, wherein said decision level pattern comprise 
at least one decision level. 



9. A method according to claim 8, wherein the decision level of said decision 
level pattern is adjusted to a respective intermediate level. 

1 0. A method according to claim 9, wherein said respective intermediate level is 
15 selected from at least one discrete intermediate level. 

11. A method according to claim 10, wherein said at least one discrete 
intermediate level comprises a first intermediate level corresponding to a first range of said 
characteristic parameter and a second intermediate level correspcmding to a second range of 

20 said characteristic parameter. 

12. A method according to claim 9, wherein said predetermined additional pattern 
is selected such that DC-free readout data is obtained, and wherein said adjusting step is 
performed by monitoring naming sums calculated for each set of intermediate levels 

25 

13. A method according to claim 12, wherein said decision level partem is 
adjusted by using respective loop filter means to which said separate running sums are 



30 14. A method according to claim 9, wherein said respective intermediate level is 

obtained by a continuous level adjustment 
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15. A method according to claim 1, wherein said control information is obtained 

fiom a deviation of a maximum value of a phase error of said recovered clock signal from a 



5 16. A reading apparatus for reading fcom a magneto-optical recording medium 

comprising a storage layer and a readout layer, wherein an expanded domain leading to a 
readout pulse is generated in said readout layer by copying a mark region from said storage 
layer to said readout layer upon heating by a radiation power and with the help of an external 
magnetic field, said apparatus comprising: 
10 a) control means for controlling the size of a spatial copy window of said copying process by 
varying a predetermined reading parameter in response to a control information derived fiom 
said readout pulse, 

b) change means for applying a predetermined additional pattern of change to said 
predetermined parameter, and 
15 c) adjusting means for adjusting a decision level patten used for deciding on a readout value, 
depending on a characteristic parameter of said additional change pattern, 

yj m a reading apparatus according to claim 16, wherein said adjusting means 

comprises comparator means for setting said decision level pattern, and summing means for 
20 calculating at least one running sum used for adjusting said decision level pattern. 

t g A reading apparatus according to claim 17, wherein said adjusting means 

comprises loop filter means for filtering said at least one running sum, 

25 a reading apparatus according to claim 17 or 18, wherein said adjusting means 

comprises adding means for adding said at least one running sum to an input signal of said 
comparator means. 



30 



20. A reading apparatus according to claim 16, wherein said input signal is 

obtained fiom a phase locked loop circuit of a clock recovery means used for generating said 
control information- 
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21. 

arranged to use 



15 25.11.2002 
to claim 16, wherein said change means is 

said predetermined 
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ABSTRACT: 



The present invention relates to a method and an apparatus for reading a 
magneto-optical domain expansion recording medium (10) wherein the size of a spatial copy 
wmdow of a domam copjfag process is con^ 

parameter in response to a control information derived from a readout pulse, and by applying 
5 a predetermined additional pattern of change to said predetermined parameter. A decision 
level pattern used for deciding on a readout value is adjusted depending on a characteristic 
parameter of said additional change pattern. Thereby, signal detection errors can be reduced 
so mat storage density is improved significantly. 
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